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1.0 INTRODUCTION ' 4

This volume which forms the second part of the final report discusses the
mechanical design of the Satellite Command Antenna Arrays; Model 071-024, .

_serlal numbers 1 through 4. These antennas were delivered under Contract

NAS5~3142, The four major areas to be treated in this report are,

~1tem Section . | Description
1. 3,0 Maximum driving torqie
2 4,0 Maximum overturn moment. .
3 5,0 Structural integrity
4 6,0 Deflection and natural frequency

Items 1 and 2 were evaluated to insure that the array and pedestal were
compatible, ~ The investigation of Item 3 was required to minimize the possibility
of any mechanical failures, Item 4 consists of two parts which are evaluated to~
gether, The deflection of the major components must be determined to insure that
they are not of such a magnitude as to cause the gsystem to be inoperative, The
lowest natural Jfrequency of the anteana must be examined to determine that it is
cut of the rangeof any expected osciliating live loads. The lowest natural '
frequency must be sufficiently high so that it will not be excited by the servo drive
of the pedestal system, If energy is coupled into the system at its natural. frequency
a resonant mode may increase the streqses within the structure to a poim

. sufficient to produce failure,

The report will discuss each of the above listéd areas in the order in which
they appear, Howeyer, before these calculations are discussed the defining con~
ditions will be listed, These conditlons are degcribed in Section 2,0 whic'h also
containg a list of the symbols used in this report,

Section 7.0, the concluding section ¢f the report, will summarize the re=
sults of the computations in Sections 3,0 through 6.0, - - Aur ,ydg

¥

This section of the report outlines the oondzﬂons congtants and symhols

N

-used in the calculations of all the following sections, All factors are resferanced

to the Y axis (Figure 1) of the driving. pedestal,
' The following are the design goals and assumpticns used%n establishing ‘
design criteria, o C .
~ 1) Maximum acceleration = 15 degrees/saa/saa T

b

IR O

2,0 CONDITIONS m CONSTANTS - ‘ , 3 — ’ )
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"3.0 le D DRIVING TORQUE -

- in an extended form as

2) Maximum deceleration ~ 150 degrees/sec/sec . 3
3) Maximum radial ice load, operational ~ 1/4 inch ' ;
4) Maximum radial ice load, stowed - 1/2 inch
5) Maximum angular velocity - negligible

6) Maximum wind velocity, operational ~ 45 mph
7) Maximum wind velocity, stowed - 100 mph

8) Stowed position - zenith . ' ] : .
9) Maximum available torque ~ 25,000 feet -~ pounds ‘ Lo
10) Minimum natugal frequency, operational - 9 cps,

The following constants are used for the ccmputations in this report,

Icedensity ... .vvunn. . 0.0324 lbs, /cu.-in,
Wind pressure , ,
45mph ,..vvueveas.. 0.0386.1bs, /sq. in, »
‘ 100mph.............01781bs /sq. in, ‘ Hi)
The material properties used are those contained in the "Alcoa Structural Handhook",
published by the A;uminum Company of America, Pittsburgh, Pennsylvania. o

" This section of the report diSCusses the driving torque required to operata
the a,rray under the conditions covered In Section 2, 0. By assuming all factors to
be maximum (worst case) the maximum required torque is obtained. Inspettion of -
Figure 2 shows that it is only necessary to investigate the torque between the 0
and 90 degrees elevation limits. ' )

e v m 7t

a

'l'he equation below may be used to determine the torque required to driVe
the antenna. - ‘ .

- Zr=la. o o (1)

This expressmn establishes the relationship betwesen the resultant torque, moment ST
of inertia~and angular acceleration, The resultant torque in the present exampie o
is that due to thie unkalanced array weight, the unbalanced weight of the ice lcad, ok
tite wind pressure and the driving torque, Thus, equation (1) may be expresaeci A

BT Ways) =’ (W tce) = r" F = Ia G

qquuumu---numu—mmmummu--wmnm '

"1, "Alcoa Structural Handbook", published by the Aluminum Company of R ,

America, Fittsburgh, Pennsylv&mia. LT e

"
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-where T is the driving torque, W is the weight, r is the respective moment arm
and F is the force of the wind, All of the above items can be determined except T
which ig the desired unknown, Equation (2) may now be rearranged to the format:

This expression indicates that the total driving torque is the sum of the torques for

each individual contributing factor., Thus, the following four sections will treat each
factor geparately, Section 3, 5 will evalpate the total effect,

3.1 Welght Effect

This section discusses the first term of equation (3) which is the torque dus_. - -

to the array not being mounted at its center of gravity.-

Inspection of Figure 2 will indicate that the torque produced by the offset
weight is a function of the elevation angle, # (ie: the moément arm will vary with the
elevation angle), The weight torque can be expressed as

r (Wgys) cos 6 - , (4)

where € 1s the angle the moment arm maxes with the horizontal, Examination of
Figure 1 will show that the center of gravity will be located along the boresight axis
since this 1s an axis of symmetry. Thus the angle® is equal to # and r is the dig-
tances from the y axis to the center of gravity measured along the boresight axis.
Equation (4) thus becomes;

r (Wgys) cos £, ’ A (5)-

If the above expression is used in conjunction with Table A then Equation {5) may. be ’
altered to reac\ T

s

' 15,566 cos # foot pounds , : ] ‘ ;(6)
3.2 Ice Loading Effect” . o I / ‘

The objeot of this section is to discuas the second term of Equation (3) which
represents the offset loading caused by the 1/4=inch radial icing, The ice load will
vary in the same manner as the system welght load, The total wai‘gff?*ggd the center

e \f,



. Item

TABLE A

Mast Cavity

BN
7T

Di

Box

Rweight vach - lbg,

95

38

41

5]

28

3

1134%

11

4.9

4.4

3

3

45’/4 ’

3,4

3

4

-} Moment each - ft., ~lbg,

1045

186

180

123

3850

4

" §Quantity required

2.1

1

- Blotal weight - lbs.

855

342

41

56

54

1134

D

thail-moment ~ ft, ~lbs,

9400

1674

180

246

216

3850

NOTES: 1) Based on back surface of structure at 29 inches from Y axis

(Figure I1-2).

2) Based on original weight of 1039 lbs. with the add’ition of
95 lbs, of strengthening members and hardware,

3) Estimated

TW

i

T = 15,566 cos #
2,482 lbs,
b = 6,27 ft.
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of gravitv must be calculated, These parameters may be ¢omputed by considering
each typical component and combining the results to obtain the total loading, Table
B details the ioe load (per inch) for varicvs shapes. This table will be used to
determine the weight of the ice in Lhe_ =g rstem. Sections 3, 2.1 through Section ,4_
3, 2.5 discuss the ice loading effect on each major component while Section 3,2, 6 i
discusses the resultant total torque due to ice loading. {

3.2.1 Mast (Figure 3)

The center of gravity and weight of the ice load on a typical mast ar> de~
termined by summing the.effects of the individual components that make up the
mast. The following tabulation presents the caiculated weights and the location
of the center of gravity (from the base cf the mast) of the various elements. -

LRl A ey C L

Item . Weight (lbs.) Cr(ing ) Moment (in, 1bs,
End cap 0.10 ' 23 0 23 .
3..5" tubing’ 6, 46 196 1266 i
3, 5%~4, 5" joint 0,06 162 10 :
4, 5" tublng - 12,15 - i12 1360 i
4,5"-6, 0" joint 0,11 . 61 R i
6, 0" tubing 9. 50 ‘ 31 294

Dipoles - 5,51 22 . 12V

Flange . 46 .75 1 :
-Disks -3940, _130_ S (7 S ot
‘ 72,65 : NA. 8184
The total weight of the ice load on one mast 4§ thus 72, 65 pounds, The
effective center of gravity is determined by the moment equation
_ZM 8184 . | i
= - iy 12.5 in, 1) - :
r W or 72 65 1 n ) ( )_. ‘
‘ v 3
 Since the moment arm must be relative to the ¥, axis, the displacement - B
of the mast bage mu&t be added to Equation (7) and the reault expret:sed m faet.\ L
Rasults. L - . , SRR
) © W = 72,651b8, 2573 lbs, - :
Coro=13,7ft \
- K ) g ' ’ 4 ~‘.'L(\‘ A
3.2.2 Lavity (Fgure &) j L T e
The procadure of Section 3. 2, | wags nsed to ‘compue the moments for the -
iy ' s | vn’?w L ” f
o , L - 1//: - lummi.‘:._&»m M...!i
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cavity mambers, Their moments are listed below.

Item . Weight (lbs. )

Large dia. rings {3)
Small dia, ring
1/2 ¥ 1/2 angle ring

" Vertical brace’
Horizontal brace
Totals

The total weight of the ice load is thus 59. 21 pounds and the center of gravity, ‘ 7

relative to the cavity base; is

799.4 - 13,5in. .,

59, 21

The location of the center of grévity of the ice load expressed in feet and referenced
to the Y axis is then 5, 4 feet,

Results:

= 59,21 lbs, 259 lbs,,

r = 5,4 ft,

3.2.'3 Structure (Figure 5)

The weight of the ice on the structure was determined by calculating the

r {in
7.68 16. 59
1,48 z.75%
4, 85 44,25
24, 80 17.20
- 20,40 13,75
59, 21 " NA

lengths of the various types of structural materials used and multiplying this. by

. Item - Length (n.)

 1=1/2 x 1-1/2 angle 4698
2 % 2 angle 4031
4 X 4 angle 768

2" dia, rod 115
I beam . . 197
Channel - 134

Q.tz...Lg,.). M_LMA_M__{LM
9

Mast mig. plag{:e

. the appropriate weight per length data presented in Table B, The center of gravity
of the ice load on the structure is assuyed to be the same as that of the structure,

or 3.4 feet, The following tabulation presents the data used to calculute the weight
;of the ice on the structure, :

_..Ai(lb...l_.. ._iLé.:.).

L0857
- 5,073

.138-
,057 -

125

103

5.31

. “l0m

Moment {in= 1bs. ): . W
' £
127, 0 :
4.1 -
214, 3 2
426, 0 v

- 28,0 %
799.4 - )

2

y R

@'

i

)

267, 5 -

. 294.0

S 1050 ) L

7 656 . ! ‘:‘
24'6 L - u'

13,8 ° -
~4rs

Total  760.3 o 7
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Ice Loads per inch (

a)
D

% =wt{D+t)p

Q

A

o]
AL N T

i
N

"TABLE B
ice density =

. 0324 lbs/in. 3)

D{in,} lbs/in.t=1/4"
. W25 . 0127
2,0 . 0571

3.5 . 0951
4.5 .1205
6.0 . 1585
6.5 . 1710
9.0 . 234

b{in.)

DN e
QS »

2 b _d

rm——— e e

3 1.6 .356

-

. 024
. 057
. 073
. 138

. 103

;:i
g
ﬁfc

3 e



Results:

’ B W = 60 lbs,
r = 4ft ' . %

3,2,4 Switch Box. (Figure 6)
A
v " The ice load on the switch box was calculated by assuming all sides of
" the box, except the bottom, :to be covered with 1 /4 ice. The ice load on the under
side i3 neglected since it \rests on the structure.

Results:

+ o 3,2, 5' Power Dividers (Figure 6}

The power dividers, consisiing of two packages of four élements, is
shown in Figure 6(b), The welght of the ice load ior ene element is calculated
to be 4, 34 poéunds. Thus, each package has a total ice load of 17. 36 pounds,
The center of gravity of the ice load is considered to be the sams as that of the

. power dividers, or 4 4 feet from the vy axis

>0y

Results: ‘
W= 17 lbs.
r.=4,4 ft
3 2.6 Total Effect ffect of 1/4 1gch Ice Loa AQQ. — RS

- The resulis of .. *meutations in Sections 3,2, 1 through 3.2, 5 are
v summarized below. The resultant torque is obtained by summing the moments dus
. to the ice loads on each component,

.I.tsm . Mw . Cavity .mg.tm. ..m_lz._ms ..SMQ.L.QMQQ_ .9.@}
: W(lbs Yea, 73 ° 59 760 11 17 -
¢, ¢, (ft.) ea, 13,7 " 5,4 3,4 4,4 . 4.4 ™

M (ft;~1bs, Jea, 1000 . 318 = 2580 48 - -

Qty. 9. 9 1 R -

“Wtotal . - 657 ‘533 L6011 : 34 7 1993

M total . 9000 . 2862 - 2580 . . 48 . 180 14640

[P
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‘ Thus, the second term of Equation (3) is expressed in the general form
14640 cos § ft, lbs. ' - (7)

3.3 Wind Torque

This sectio‘n of the report will discuss the torque required to ovércome the
moment caused by wind loading, The wind loading represents the third term of

Equation (3). Since wind loading is a functic'of ¢ross sectional area, the following

calculations are based on-an ice loaded system,
The basic formpia used to caiculate the wind lrading torque is,’
T = PArC, ’ ' (8)

where P 1is the pressure gxerted by a 45 mph wind, A is the area projected into
thé wind, r is the moment arm- from the y axis to the center of pressure and C
is the shape factor.

Ls with the previous weight torques the wind moment arm. r, wvaries with
the elevation angle and the center of pressure is considered to act along the bore-
sight'axis, In this case the resultant wind force is horize.atal,  Therefore the
moment arm will vary as the sine of the elevation angle, . Thus Equation {8) kecomes

T PxAxrqulx B {9)

- - The projected area and shape factor will also vary with the elevation angle, To

. allow for this variation the total effect is considered to be the sum of two gaparate

forces, These forces.arye the forces which act on the area projectéd into the wind at -

0 degrees elevation and the area projected at 90 degrees eleva‘tion,j ‘These forces
are then -considered to vary réspéctively as the cosine and sine of the elevation

angle, Thus, Equation {9) becomes' ‘ . . . e
T=P (A' C' r* ain ;2! cos ﬁ p A" C" o sin® #) ('10}
.where A, C and r are the factors for the respective end conditxons of elevation

angle (0 degrees ('): Y0 degrees (")), The wind loading on the.structure i& assumed
1o be condxtion B as shown in Figure 1, This 1s the wotst case, :

~ The foll“owmg table presents the calculated resu,lts for the varicms com-
© ponents based on the shape factors outlined in Table C

“

.t

. e -
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\ Item

Mast tubing
Disks

Cavity rods

1/2 x 1/2 angle

Gussets
Switch box
Tyus s

TABLE C

=4

Shape Factors for Wind Loading

C! = (0

g = 90° o Rem&i&g'

1 Réynolds number = 105
1 Reyneldg number - 102
1 Reynolds number = 10

1,6 Aspect ratios of

: 32 and 90

1.4 . Aspect ratio: of 20
1.17 ‘ Aspect ratic of 3
2.0 Various approaches
Yielded 1. 76 to

Z, 0 « maximum
condition selected.

T TmnEen TR

I}

B

T eI

-

LT R TR



R O e i

_B=90°
| Item " Mast Cavity __S_t_:gudture ~ Switch Box Total
Force (1bs. ) ea. 52 102 444 .9 -
Qty. - 9 - .9 1 -1 -
Force (1bs, ) total 468 918 444 9 e
Center of pressure ,
(ft.) 13.4 504, 3.2 4.4 ' -
Torque (ft, -1bs, ) 6270 * 4950 1420 40 12680
g =0°
Item ‘ - Mast Cavity Structure - Total
Force, ea. 84 45 . : 600" S -
Qty. 7 9 9 ‘ 1 ., -
Forece, total 7?6 . 405 , 600 A -
Center of pressure 14,2 6.3 3,2 -
Torgue 10,730 2550 1920 15200

Equation (10) may now be implemented to read’

T= 15200 sin @ cos # + 12680 sin® g, (1)

: 3.4 Acceleratxgg R_gguiremen

' This section disqus'sies‘ the final term of Equation (3); the torque required
to accelerate the antenna system., The acceleration torque is a function of the
moment of inertia and the desired acceieration. S , L

The desired acceleration, as listed in Section 2.0, ig 15 degrees/sec/sec. .
. This accelerati\on is equivalent to 0,262 radians/sec/sec. .

The moment of inertia is determined ona component bagis, This is e

" accomplished by calculating the mament of inertia of each comporent about its .
‘center of gravity and then transposing to the y- axis using ﬁhe parallel axis formula .

w 2 S :
I = Io * i T ; o ' ' (rz;
A : A
. Althouqh the parts oonsidered cansist of ice and aluminum they are wsted as )
'liomogeneous.. The weights and ;:emterg of gravity are thus those 6& the. lce -
- loaded compoaents. :

w

§

A -
A g ’ﬁ?f/ 3

7= ‘ - -

o

. oY o R =
e e i e LT S WS e, P
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The following tabulation presents the calculated results for the various
components of the antenna system,

)

, Io
Item. (Slug-£t, %
Mast 161
Mast: 161
Mast 161
Mast 161
Cavity 14.2
Cavity =~ = 14,2
Cavity ' 14, 2
Cavity ' 4.2
Truss . « 9,0
" Truss” 705
Power dividers 0
Switch box’ O

Mass rz IY )
(Slugs) {Ft, %) Qty. (Slug, ~ft. %)

5,25 148 3 2790

5,25 220 2 2616

5,25° 276 2 3204

5,25 167 2 2051

3,03 26 3 240
3,03, 98 2 594

3.03. 154 2 934

3,03 44 2 268

19.7 11.5 1 237
19,7 13.4 2 1938

1.4 v, 3. 2 55

1.6 19. 3 v 1 31 ,

: Total 14958 (Slug~

£t,2)

The four different values for r% in the above calculations fof the masts

and cavities are a direct result of their different offset from the vy axis.

for the trusses are based on gne unit being parallel to the y axis dnd two units

inclined at 60 degrees,

one. long tru.,s and one-«third the weight of the hub

—

Each truss unit'was considered to consist of one short and

Using the above calculations the torque required for acceleration may now

' tbe expressed as

T =Ta

3-5 M,lm&smi@.zm

= 14958 x 0, 262 = 3920 £t. ~1bs.

aquation {3) may now be ful&y implemented to read

T =, 15566 cos ;Zf + 14b40 cos f + 1‘*.200 sin f cos ¥

Bl

+ 12680°sin? § + 3920

(13)

L (14)

This ea&presses,the required driving torque as a functioz} of the elevatior angie

Lo

for an acceleration 0f 15 degrees/sec/sec and for 1/4 inch radial ic& loading,

.,

w‘lsmd ’

E
A

<, F1°.7
R <o

The values

Troeget oy W
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Figure 7 is a plot of thé",torque ag a function.of the elevation angle. The
maximum torque is 40;000 foot pounds and occurs at g = 39 degrees,

4,0 OVERTURN, MOMENT, STOWED

The‘ object 6f .thig section is to compute the overturn moment about the
vy axis when the antenna system is i1 the stowed condition, One~half inch ice
loading and a wind velotity of one hundred miles per hour is assumed.

In the stowed position the only force tending to overturn the array is the
wind, Therefore, it is only necessary to perform calculations similar to those of
Section 3.3 for # equal 90 degrees but compensation must be included for the in-
creased area caused by the greater ice load and for the increased pressure caused
by the higher wind velocity, - The following summary presents the calculéted data
for the three major components of the antenna system.

Itenm Mast Cavity. Structure - Total "
Force (lbs.) ea. 318 © 657 2700 ~
Center of pressure o T
(ft. Jea, : 12,85 5,2 3.2 -
Moment (ft. -lbs,)ea. 4080 3420 8640 -
QtY- . 9 ) 1 -
8640 76, 160 ‘

Total force 36720 30806

b 4 S AL e TRB s AR W s N

Thus, the toral overtuin moment in the stowed condition is 76,160 ft, ~1bs,
5,0  STRESS ANALYSIS

v

" This section contains the computations which define the maximum stresses |

in the major components of the system, The values used in the calculations are ?

for the most ‘severe conditions of Section 2,0, A deceleration of 150 degrees/sec/ :
gec is assumed as an operational condition, ' L

In order to determine whether the maximum stress is within a safe limtt -1~ . =
for a particular element, it s compared to the allowable stress by the formuls :

: ¥
V. &

e Stress = 8.F,, 1s)
Maximum Stress ‘ ' '
where 8. F. is the resulting safety factor, The allowable stresseis used in the

following caloulations are 13 kips/sq, in, for aluminum parts and 120 Kips/sa.
inch for mounting hardware, The allowable stress for aluminum {f'both tension and

N
A
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.compression is based on a reduction of the yield strength c* 6061 T6 aluminum
from 35 kips/sq. in, caused by the localized heating effécts of welding, The
allowable gtress for the mounting hardware is based on the ultin.a'ce tensile
strength of SAE grade 5 hardware up to 3/4 of an inch in diameter, :

The first consideration is that of the mast nunder stowed conditions, In
this casu the stress in the extisme fiber of the tubing was considered to be due
to the weight of the element and half inch ice in addition to the bending moment
caused by the wind loading. Column buckling is neglected based on the
assumption that the ice load i3 self supporting although it is not considered to
assist in the stress distribution. The latter assumption results in a condition
which appears more severe than the actual condition, The meximum stress in the
extreme fiber was ditermined by the expression -

' (I m«V-\:-—- + .fﬁ... . (16;
A 8 ' ‘
where W is the total weight, A is the cross sectlon area of the stres& d o bfﬁr,
Fy is the bending moment due to wind loading and S is the sectior ™ gié frhe
stressed member, The first term in Equat’ n (16) expresses fi’ S ‘
extreme fiber due to axial loading while the second term provie. . M. 3
moment, By inspection of Figure 2 it is apparent that the poim T mﬂ; Ag ad
are thie joints of the different tvbe diameters. These are the pomtr el < ght
and bending moments are maximuin for each member, The informatiof . | adh '
4,0 was used to compute the stresses and safety fantors in the tah?- _&ef'f;aw. i

i

FE

g'_g,m_gg_ 3, 5" Dia,.. . - 49" Dig, 6" Dix,
 Axdal 1oad (1bs. 75 R £ © 2Bb
Bending moment 3500 T 20320 36625
{in, =1bs, ) -
Stress (pair) - 3297 . 3880 7683
8 F : 3,96 ’ 1,46 SR 89

vy

Thus the lowest safety factor of 1, 69 ig at the junotion of the. 4*-./??. aﬂd 6-1aé>
mast seotions. . ,

«

The following evaluation is that of the mast mounting’ hardware durmg
stowed conditions, In this case on ly the bénding moment waj cotigidered becauge
it is the only tension stoducing torce, As shown in Figure 3 the mastis mounted -

by elght 5/8 inch diameter bolts, For caloulating the maximum joad the mast was

aanaidered to be mounted by two sets of four 5/8 inch diameter kmk'% at right
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angles with éagh bolt pattern taking a vector portion of the total load depending on
the direction of the wind. To assume the worst case, it was considered that one

 set had no load while the other bore the maximum lJoad. This assumption was made

to simplify the calculations, but of course results in a load greater than the actual.
Thus, the 42, 90 in. ~lbs. moment produced by the wind on the mast and cavity re~

sults in a 3740 ponnd load per bolt. To determine the safet - factor allowance made

for the initial stresses due tn the setting of the bolt, two e ‘hods were investi-

gated. The latter indicated that the pre-stressing on this size of bolt is:-the greater

contributing factor. The first analysis was based on the formula !
Working load = 120, 000 (, 55d% ~ , 25d%), (17)

where d is the diameter of the bolt and 120, 000 is the allowable stress, From
this equation then the allowable load for a 5/8 inch bolt is 7200 pounds which
provides a safety factor of 1, 92. The second approach was to use the pre-stress
factor of 16, 000 pounds per ineh of bolt diameterz), This provides an initial load
of 10, 000 pounds which produces a total stress of 83, 800 pounds per square inch
on the bolt. The safety factor based on this approach is then 1.76,

The next consideration is the mast under operational conditions. As in
the stowed condition, the maximum stress is due to both the axial and transverse
loads which in this case includes the axial load due to translation and the bend~
ing moment due tc rotational deceleration as shown in Figure 8. Also, as before,
the points considered are the weldments of the iubes of different diameters. The
expression used for the total stress is

s = Fcos WAsinﬂv“W/ﬁ ar_ ,.I:c.;iu ‘ (18)

where F is the force due to the wind, W 1is the total weight, a is the angular

acceleration, r is the distances from the y axis to the ¢.g. and I is the moment
of inertia about the point being considered. The following summary presents the
calculgated data used in Bquation (18) to arrive at the maximum stress for the three

O W e s e e W W8 YA e WA e 1 e L

1. Erlk Oberg and F. D. Jones, "Machinery's Handbook", 1946,
2. lionel 8. Marks, "Mechanical Engineers' Handbook!, McGraw-Hill Book
Company, Inc., 1941, : '
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individual tube diameters,
, Tubing.Size.
- Parameter 3. 5" dia, - 4, 5" dia, 6" dia,

- W {lbs,) - 37.2 96, 4 168
F (lbs. ) 20,4 sin F+30,6cos f 49 sinf+ 61 cosd 72 sinf + 84 cos &
W/32 ar ‘ ‘ ,

(1bs.) . 34,4 ; 156

Max. axial load (ibs. 86 225 355 )
I (slug~ft, 2) 14,1 235 640 r
Mazx, stress - 476, 2899 4304 e
S.F, o 27,3 ‘ 4,5 3,02

" The minimum safety factor in thig instance'ocours at the base of the mast.

Next, consideration is given to the mast mounting hardware under {aperaciondl
conditions, Using the same approach as in the stowed condition the load per bolt - o7
was calculated to be 1800 pounds, This load is the result of bending moments .
exerted by the wind on the mast.and cavity, Superimposed on the stress due to - e
trangvers loading is a 355 pound axial load which is divided equally betwe‘en the ‘ '
eight bolts, The total resultant load is 1890 pounds per bolt, The working load

. of 7200 pounds, as detefmined by Equation (17), is used, a safety factor of 3.8 is
realized, If the’ previously estimated setting load of 10, 000 pounds is used, the
safety factor may be computed as 2,0, "
i
!

In order to determine the safety factor for the truss mounting hardware,
- under stowed ¢onditions the truss was assumed to be mounted by only the top and

hottom rows of boits, Each row has four bolts which are 5/8 of an in¢h in diameter,

. The longer truss, which supports two masts; was selected for evaluation.. Using

. the half loads shown in Figuré 9 and taking the moments ‘about point, C, the-load
per bolt was-calculated tc ~ = 3877 pounds, -If allowarices are made’ for the initial
Bolt stress, the safety fac’or may be computed as either 1, 9 ori.8 «depending on
“which belt setting criterion is used.

The final item to be eva;luated is the truss, The longer truss 'is selected - "

for analysis, Figure 9 shows the assumed loading undey stowed conditions for one .
glde of the'truss, .1t is assumed that the two sides share the total load equally’ N
-and that the mtemal mcmbers have no load. By inspection of Figure 9 it is apparent i

. that the highest stressed members are either those cut by the section line or those :
- to the left of the section line, The members AD, BD, BE and CE form a statically Y
indeterminate system, Hexce starting at'the section line gimplifies the problem, : ;
This approach is demonstrated in Figure 9(b) where the sum of the forces in any. - 4

. direction must be gero, With these three equations and the three unknowns the | v
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. following equations to determme the natuml frequengy of the various mast com-

force in each member can be determined, Us»ing this Lechnique the following
data was obtaincd, .

Membey, Force (1bs, ) Tyoe of Angle o .

DF , 3537 (T) C2x2x%1/4
GE - " 1665(C) 2x2x1/4
EF 944(C) 1-1/2 x 1=1/2 % 3/16 \

. Having obtained this data the forces on the remaining members to the left of the

section line were determined by the method of joints for a plane truss. This
results in the highest loaded members of each type of angle being BE and AD, The

_following table describes the results obtained,’

Item 2 %2 »1/4Augle 1,5x 1.5 % 3/16 Angle

Member ' AD " BE
Load (1bs.) 3552 (t) 964(t)
Area (sg. in,) 94 \ .53
Stress (psi) 3780 1820
5. F, 3,44 S, 1.8

v

The safety factor for buckling 13 greater since the welded joints are cone-

sidered only to effect the end pin conditions of the angle columns, Using an end

factor of 0,75, "effective slenderness ratios'of 77 and 72. 4 were obtained, These

_ratios were used to predict caiumn strengths of 17,2 and 19, 7 kips/sq. in, Since
these allowed buckling stresges are greater than the 13 kip/sq. in. allowsd for

the welded joints it follows that the sai,éty factor in bux;kling is also greater,

6.0 - DEFLECTION AND NATURAL EREQU ENCY

Thig asection of the repor\‘ discusst‘as the maximum deﬂoétion and natural

frequency of the mast and backup structure, The deflection (6§ ) and natural = —i_"
frequency (f) are treated together because the natural frequency-is determined from
the deflection as shown ‘in the followmg foxvmula for a cantilevered beam .

f53 39/51’2 e 19) o

The lbwest natm'al frequenny is the one of inte\xest. hence the maximum def];ection
-must be used,. ‘Also, since the natural frequency is only of concern when usad with -
the pedestai the computations will be limited to vperationa) conditlons ‘only. The

B S T

ponents’ were usred

"

. Unsform Load: § = (W '+ F) L3/8EL; L
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Concentrated Load at h: -6 = (W +F) h? (3L~h)/6EL; . {21)

'S

where W is the welght of the element, F is the force of the wind, L is the length
of the mpmber, E is the ‘modules of elasticity, I is the moment of inertia of the
cross sectional area of the member and h is the distance from the mounting point
to the concentrated load. The condition assumed to be the worst case was with

a 45 mph wind but no ice, This asgumption was made on the basis that,

although the weight would be increased by the weight of the ice, E and I would be
increased to an extent that the resulting deflection would be less, Furthermore,

“even If the ice loading did slightly lower the natural frequency, resultant vibrations

would cause the ice to drop from the structure thereby raising the resonant frequency
again, Using equations (19) (20} and (21) the following results were cbtained

Tubing Sizes 3, 5" dia, 4,5" dia, dig;,
Uniform load (1bs.) 17.4 41,3 60.6 -
- Concentrated load L2 2.2 2,2

(1bs,) L

ath = (m.) 68,46,23 and 0 11, 34, 56 27and 49
. , and 79

Concentrated load . 0 2(3 1 75,2

(1bs,) ‘ ' -
, ath=1(in,) 0 101 - 60 - .
8 (in) . 0,06 0,258 0,056 ~
f-(cps.) 15,8 7.65 16,4 ‘

The deflection of the truss under operating conditions was determined by
the f'ormula ’

| L bl (ALr +alg ) — )
‘ 2 H - ‘ _
where Lis the length of 1he truss, ALr and: ALc are the changes in length of the
tension and compresvion members respectively and H is the height of the truss. .
The derivation of this fo‘*mula is shown in Figure 10, The total change in length \ g
. of the two members was,calculated by summing the changes in lengths for each ’
member shown in Pigures 11, .This figure shows the load for each side of the truss
" under operational conditions, The change in length for each member in turn is".:
" based on the stress stmin relationship -

2

by S - | - L (23)
where E .ig the mpciuluf; -of elasticity, F the loid, A the area, L the initial length
and A the change in langth, The following tabulation presents the calculated =~ .
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—loads on each member and the resulting changes in length,

Member

.AD
DF .
FH
HJ
JK

CE |,

EG
GI
IL

Thus, from equation {22)
-4
5 =130 (178, 4x 107",

Equation (19) may now be used to calculéte a natural frequency of 16,7 cps.

(1)

L

10

20

40
40
20
10
40
40
40

Load

(2) -

1471
1462
789
404
87

1665

920

501 -

150

2

20

pl

{1 x12)

14710 .

29240
31560
16160
1740
16650
36800
20040

6000

. 0583 in,

Total

Ax 1074
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178, 4 x 10=4

230~

PRI R T

. TRl SRR

-



e g,

7.0 CONCLUSIONS

This section will discuss the results obtained in the previous sections
relative to the design goals set forth in Section 2, 0. Table D presents a sum~
mary of the data obtained in addition to some data not present in this report.

This latter data was tabulated using the procedures described in this report.

Prior to discussing the individual results, it must be remembered that all calcu-
lations were for the worst practical conditions so that in each quantity expressed
there is some additional safety factor incleded.

" The first item to be discussed is the required driving torque. The follow~-
ing maximuni driving torques were computed in this report:

Condition Max. Torque (ft.1bs,) Position
No ice, no wind, maximum acceleration: 17,1776 g o°
' No ice, 45 mph wind, makimum acceleration: 22,000 g 45°
1/4" ice, no wind, maximum acceleration: 34,126 g o°
1/4" ice, 45 mph wind, maximum acceleration: 40, 000 . g 39°

Square law curves may be‘used to 1nterpolate for driving torques for different icifig

= and wind loading conditions. It should be noted that the above conditlons are for

the worst possible cases,” While the cases are theoretically possible, they are
impractical from an operational viewpoint. This is simply because the time the
system will spend under these adx}erse conditions is essentially negligible. An
average or RMS driving torque would probably be a more appropriate number to use,
In any évent it would appear that the mount would drive the antenna even under

~the most adverse conditions if some of the ice 1oad1ng is manually removed.

. The only marginal resonant frequency that has been computed occurs in
the mast with maximum wind loading. This resonance becomes possible only when
the wind is broadside to the disc-on-rod elements and has a velocity of 45 mph.
Por head-on winds or no winds the minimum resonant frequency of the mast is 11
cps, This resonant condition could be encountered during an operational period.
The question, of course, is the definition of that damage which might occur within
the sydtem. The element safety factors are quite hdgh and it is therefore not ex-
pected they will fail. The truss is overdesigned and, using pessimistic load
figures, has béen found to have a minimum resonance of 16,7 cps. 8ince this
structure constitutes about 50 percent of the system mass, it is also quite un~-
lixely that the drive pedestal will be significantly affected by the resonance.
.., The system resoriance lies semewhere between 16. 7 and 7. 4 cps. ) Con-
sequently. it is felt that the above~noted marginal resonande in a "worst condi~

tion" environment w‘ill not significantly impair ghe system g operation..
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1/4Inch Ige Load - 15 degree/sec/sec acceleration

. Weight
Center of gravity from y axis

Required driving torque

(R

45 mph wind
No wind

1/2 Inch Ice Load =~ 100 mph wind = stoWed

Weight
Center of gravity from y axis
Overturn moment abput y axis

No Ice - 15 degree/sec/sec Acceleration

‘Weight

Center of gravity from y axis
Required driving torqu.e

Minimum Nai;ural Frequency

Mast
Trus‘s

Minimw; Safety:Factors -

| Magt = stowed -

Mast -~ operational

Mast mounting hardware « stowed

Truss = stowed

Truss mounting hardware - stowed
Mast M‘ounﬂng Hardwars -~ operational

45 mph wind |

45 mph wind

. 4475 1bs,

6. 76 ft,
40, 000 ft, ~1bs.
34,126 ft, ~1bs.

7372 1bs,
7.1 ft,
76,160 ft, ~1bs.

2482 lbs.

6. 27 ft,
22,.000 ft, ~1bs,
17, 746 ft, =lbs.

7.7 ©ps.
11, Ocps,
16, 7 cps.
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- “The final area to be discussed is that of safety factors all of which ap~
pear satisfactory but a few deserve some comment. The 1.46 S.F. shown for

‘the stowed mast occurrs at the junction of the 6. 0 inch and 4, 5 inch spars. In

the calculations, the effect of the ice in bearing some of the load was neglected
and not only micht this be a considerable factor, it is vrobahly more realistic to

.asgume that in the stowed condition the ice at the base has a greater cross

sectional area than that above it. Also, it should be remembered that this is a
compressive load and that the tension stress is less. The next two lowest safety
factors are also for the stowed condition, but are for mounting hardware. In both.
of these cases all of the hardware was. not considerad to support the total loads
and in addition the load was considered to be the total of the initial load and the
working load with the initial load being the greater. Also, an alternate method
ot calculation shows the mast mounting hardware under the stowed conditions to
have a saféty factor of 1.92 rather than 1. 76. As can be noted, the minimum
safety fa¢tors occur under the stowed conditions. Thus, if there is any concern
it miqht ge reasonable to provide guy lines in the stowed conditic:.. whenever

‘there i¢ any possibility of exceeding the design requirements of 1V0 mph wind

velocif/ es.
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